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Introduction.
In the course of studying the hydrodynamics of a submerged submarine it becomes necessary to calculate the hydrodynamic inertia coefficients of a body whose cross-section consists of a circle with one sail (fin). The simpler inertia coefficients for this shape appear in the open literature, although somewhat obscured by the presence of what, for this problem, would be considered extraneous fins. The inertia coefficient which gives rise to rolling moment due to roll velocity is not in the literature, and it is principally with the calculation of this coefficient that the present paper is concerned.
Analysis. To determine the forces and moments on a rigid slender body moving through an infinite incompressible fluid where the motion of the fluid is irrotational and at rest far from the body, requires the evaluation of the six components of the symmetric inertia tensor of the cross section of the body
Refer to Lamb [1] , Munk [2] , Jones [3] , Spreiter [4] and Bryson [5] . The cross section of the configuration is mapped conformally onto a circle in order to determine the velocity potentials for the low-speed two-dimensional motion of the cross section. The inertia coefficients may then be determined from Eq. (1).
Consider a slender body of revolution of radius a(x3), bearing a sail of height t{x3) -a(x3), as shown in cross section in Fig. 1 . Because of the plane of symmetry of the cross section, we see that:
That is, a motion in the x2 direction cannot produce a rolling moment. In addition,
That is, a motion in the direction cannot produce a force in the x2 direction. The sail does not affect the inertia coefficient m22 since it lies along the streamlines of the flow. Therefore, the case of no sail suffices to obtain m22 • The result is = I- The expression for mu may be taken directly from Summers [6] or Bryson [7] . The result is^ = 11 + pira Equation (5) has been plotted in Fig. 2 . The expression for m13 may be taken directly from Bryson [7] . The result is* The apparent additional moment of inertia, m33 , for a body of revolution with a sail is not given in the literature and will now be obtained.
It is required to find a solution, <t>3(x, y), to the two-dimensional Laplace equation in the z = x + iy plane satisfying the boundary conditions on the sail^ (x, y) |"_0 = x a < x < t, The boundary conditions (7) and (8) transform to fk (rr , 0) |rf_, = x ^ S(tf/x2) ~ 6o < 6 < 6° ' (13) fr (rt, e) |,r_, = 0 I 0 I > e0.
The problem has thus been reduced to an exterior Neumann problem for a circle and the solution for <j>3 is given by 
All integrals are to be evaluated in the Cauchy sense. Equations (13) and (14) are substituted into (16), and x is eliminated by virtue of Eq. (12). Then, after an integration by parts to eliminate the logarithm there is obtained:
Ug, e) = -g-sin 6 I {cos | (2 cos2 | -cos2 f2) (cos21 -cos2 f) ( 
9 (1+l) Equation (21) has been plotted in Fig. 2 .
As a check on this result, it will be noted that the value of m33 is given by Miles for the case of a body of revolution bearing two fins of equal length which are mounted 180 degrees apart [8] . For very small fins, the value of m33 given by Eq. (21) for the single-finned body should be one-half of the value given by Miles for the two-finned body, since, if the fins are small, they will not mutually interfere. Carrying out the limiting process for both cases bears out this relationship. An additional check may be made by proceeding to the limit as the body shrinks to zero. This case is given by Bryson [9] , and it can be shown that Eq. (21) yields the correct limit.*
